ABSTRACT -Aiming to determine the relationship between the frequency of testicular shape and the andrological aspects in young Nellore bulls, 18,676 animals were assessed. All andrological examinations were performed between the years 2000 and 2008. Animals were classified as able for breeding, able for breeding in natural mating system, unable for breeding and discarded. The testicular shape was classified as long, fairly long, oval-long, spherical-oval, and spherical. The analysis of Pearson correlations was performed for testicular shape with scrotal circumference, testicular volume, progressive motility, sperm vigor, major defects, minor defects and total defects. Testicles with oval shape prevailed (99.61%). It was obseved that 76.34; 66.34; 64.34; 58.33 and 50.00% of the animals were classified as sound for breeding for shapes long, fairly long, ovallong, spherical-oval, and spherical, respectively. Correlations between testicular shape with scrotal circumference, testicular volume, progressive motility, sperm vigor, major, minor and total defects were 0.26; 0.08; 0.00; 0.11; -0.02; 0.02 and -0.01, respectively. Testicular shape had no influence upon the andrological examination results. Testicles of long shape were prevalent within the population.
Introduction
The rate of approximately 70% of Zebu animals and their crosses in the Brazilian cattle population corresponds to over 173 million (ANUALPEC, 2010) . In Brazil, among the Zebu breeds, Nellore is the one that has been studied with the aim of identifying good selection criteria (Lira et al., 2008) .
The performance of the breeding depends on the improvement of management techniques and nutrition, but the physiology of testicular development and weight are also crucial, in addition to the factors that potentially interfere with these processes, such as sexual precocity and the ability of sperm production (Moura et al., 2002) . The scrotal circumference has been the most widely used and studied criterion in screening programs as a measure indicative of morphological and physiological characteristics of gonads and quantitative and qualitative characteristics of semen in cattle (Forni & Albuquerque, 2004) .
The prevalence of long testicular shape in Zebu males, particularly Nellore, according to scrotal circumference usually small, has gotten farmers preoccupied about selecting their breeders. This fact is due largely to the selection criteria adopted by the scrotal circumference, so that males with long testicles can be eliminated because they had less girth than their contemporaries of oval testicles (Unanian et al., 2000) . Bailey et al. (1996) suggested that scrotal circumference might not be the most appropriate measure to represent the sperm production of young bulls and, consequently, the reproductive potential of these animals. According to these authors, longer testis present greater contact surface with the environment, which facilitates thermoregulation, in addition to the distribution of blood vessels and the spermatic tissue is uniform, thus the more elongated testicular forms would be more advantageous for reproduction.
However, studies have suggested the use of testicular volume as a complementary measure to scrotal circumference, in the interests of improving accuracy in the evaluation of breeding, since some studies have suggested that only scrotal circumference could not state with certainty the reproductive potential of the bull (Unanian et al., 2000) . The objective of this study was to determine the frequency of testicular shape and its relation to andrological aspects in Nellore young bulls.
Material and Methods
Eitghteen thousand six hundred and seventy six Nellore young bulls from the herd of five properties of Agro-Pecuária CFM Ltda., Brasil (20° 38' 38"; 20º 17' 57"; 21º 12' 32" ; 20°08' 30" and 20° 40' 47 " south latitude of the Equator, respectively for the five properties studied, and 50° 13' 34"; 49º 43' 54"; 50º 25' 58"; 54°23'58"; 55° 17' 46" west longitude of Greenwich, respectively for the five properties studied) were used in the experiment. The Bulls, with mean age of 21.29 months, were evaluated by andrological examinations in the months of June to August from 2000 to 2008, corresponding to the seasons 1998 to 2006. All animals were raised on pasture, predominantly Brachiaria decumbens grass (40%) and Panicum maximum (50%), and with mineral salt and water ad libitum. When bulls reached the age group 18-22 months, they were confined and fed corn silage, mineral salt and water ad libitum.
At the andrological examination, after individual containment of animals, in appropriate trunks, testicular measurements were performed, which comprised length and width of testis, scrotal circumference and testicular consistency of classification. Measurements for length and width of testis were obtained with the aid of caliper rule, and the length measured in the longer sense the gonad (dorsal-ventral), including the head, excluding the tail of the epididymis, and the breadth in the wider region of the gonad the lateral-medial direction were achieved using the body of the animal as reference. The scrotal circumference at the time of andrological examination was obtained with the aid of tape, after mild ventral-caudal traction of the gonads and in the wider region of the scrotum (CBRA, 1998) .
For determination of testicular shape, the authors used the criteria described by Bailey et al. (1996) where the gonads are classified as long (ratio≤0.5), long / moderate (ratio≤0.65), long / ovoid (ratio≤0.75), ovoid / spherical (ratio≤0.86) and spherical (ratio>0.86). The inclusion of each animal in these classes was done by obtaining the ratio from the medium testicular width (widths of left and right testis) and medium testicular length (average lengths of the left testicle and right).
To calculate the volume, the formula proposed by Fields et al. (1979) for cylindrical shape was used, as follows: Vol = 2[(r 2 ) x π x L], where: r = radius of testicular width; π = correction factor and L= testicular length. Otherwise, the formula for spherical shape, as recommended by Bailey et al. (1998) , where: vol = 4/3 (p) (L/2) (w/2) 2 where: w = testicular width; p = correction factor and L= testicular length.
For obtainment of semen, the method of electroejaculation was used. After collection, the physical characteristics of the ejaculate of mass motility, progressive motility (0-100%) and the sperm vigor (0-5) were examined on a 1-5-scale. For morphological analysis of sperm, a semen sample was wrapped and stored in 1 mL of buffered formaldehyde saline (Hancoch, 1957) . In this evaluation, the methodology recommended by Blom (1973 Blom ( , 1983 , was adopted, recording the head defects, tail and acrosome, and classifying abnormalities in major, minor and total defects. Four hundred sperm cells per ejaculate were analysed with the aid of phase contrast microscopy at 1250X magnification.
The determination of age at sexual maturity was done according to Garcia et al. (1987) , whose definition was because the animals show major defects ejaculates with less than 15% and total sperm defects below 30%. In addition to sexual maturity, according to Guimarães (1997) , in accordance with study of the spermatogenic process, reproduction pathophysiology and physical and morphological traits of sperm were classified, resulting in five Andrological classes: 1: sexually mature animal, able to reproduce, according to the standards recommended by CBRA (1998); 2: sexually mature animals, with rates of sperm pathologies without affecting the fertilizing capacity of sperm cells, classified as suitable for breeding under natural mating; 3: sexually immature animals temporarily unable for breeding, 4: animals discarded because of spermiogenesis and morphological changes of the genitals.
For statistical analysis, the SAEG program (Sistema para Análises Estatísticas, versão 9.1) was used, where for all traits studied descriptive statistical analysis (average, standard deviation, variation coefficient) were performed. The frequency and number of animals were classified according to andrological class and testicular shape in all the years studied. The Lilliefors test was used to check normality of responses of the variables. The homogeneity of variances was esudied using the Cochran-Bartlett test. The simple Pearson correlation was used to verify relationships between traits. Analysis of variance and comparisons between means by Tukey test was performed with 5% probability of error.
Results and Discussion
The predominant testicular shapes (Table 1) were those elongated in 99.61% (18,602) of animals: 33.87% (6,325) long, 54.78% (10,230) fairly long and 10.96% (2,047) ovallong. The oval-long testicular shape was recorded in all years, although less frequent (10.96%) than the long and fairly long shape (33.87 and 54.75%, respectively). Overall, during the study period, spherical-oval (72 animals/0.39%, predominantly in 2008) and spherical shapes (2 animals/ 0.01%) were rarely observed, demonstrating that these testicular shapes are not common in Nellore cattle.
The testicular shape that was most frequently present in all years, except for 2008, was the fairly long, ranging from 36.85% (2004) to 78.02% (2001), depending on the year evaluated. Significant increase in the fairly long shape was observed in 2001, and in oval-long shape, in 2008 (78.02 and 58.58% for fairly long and oval-long shapes, respectively).
In the two years mentioned above, there was a change of technical evaluators, which affected the testicular frequency. This fact is possible because the testis shape in this study is determined by a mathematical formula (Bailey et al. 1996) , where it is the ratio between the width and length of the testicles. The measurement of testicular length (length of the longest extension of the gonad in the dorsal-ventral direction, including the head, excluding the tail of the epididymis) presented errors at the time of delimitation and positioning of the caliper in the dorsal region of the head of the epididymis, errors which can reach values of up to 2 cm because the region is very well planed and adhered to the gonads, unlike the tail of the epididymis, a fact verified in the average values for testicular length (Table 2) . Still, in 2008, the higher prevalence of long testicular shapes (long, fairly long and oval-long) over the spherical shapes (spherical-oval and oval) ( There was a change in testicular shape between years, and decreased from fairly long shape; and increase in long shape, at the same rate until the year 2004, but long formats continued prevalent in the population. These results corroborate other studies on prevalence of testicular elongated shapes in zebu (Vasconcelos et al., 2003; Dias et al., 2007; Silva, 2009; Silveira et al., 2010) , condition credited to the adaptive capacity of this subspecies in tropical conditions (Caldas et al., 1999) .
In this study, the frequency of spherical-oval and spherical shapes is irrelevant near the number of animals with the long and fairly long shapes (74 vs. 19 602 animals) . This may explain the physiological adaptation of Nellore animals to conditions for the tropical-equatorial theory by Bailey et al. (1996) , stating that more elongated testicles showed better vascular architecture, with higher surface area and improved venous and arterial distributions, facilitating heat loss to the environment. For the authors, more elongated testicles have a higher temperature gradient between the poles-testis, which is common in animals with excellent seminal standards evaluated by infrared thermography (Kastelic et al., 1997) . This testicular formation gives to Bos taurus indicus greater adaptability to tropical climates or environments with high average temperatures (Vale Filho et al. 1986 ).
There was less scrotal circumference for shapes long, fairly long and oval-long (31.49±2.17, 32.48±2.43 and 33.38±2.41 cm, respectively) than for the spherical-long and spherical shapes (34.74±2.44 and 33.65±1.63 cm, respectively; P<0.05; Table 3 ), demonstrating that animals with elongated testicular shapes have a lower scrotal circumference than animals with testicles more rounded, as reported by Bailey et al. (1996) and Unanian et al. (2000) . Similar results were observed by Dias et al. (2007) in Nellore cattle at two and three years old. Given the fact that the scrotal circumference is measured in testicular region of larger diameter, it is expected that animals that have smaller testicular width show, therefore, less scrotal circumference.
Testicular volume averages were higher for animals with long, fairly long and oval-long forms (646.73±160.93, and 699.97±196.59 699.58±198.82 cm 3 , respectively) than for spherical-oval and spherical shapes (259.15±74.75 and 211.61±0.00 cm 3 , respectively) ( Table 3) . Dias et al. (2007) obtained different results where the animals of 2 years old with long testicles had lower testicular volume, while for animals of 3 years of age, the testicles were not different in testicular volume.
The prevalence of elongated testicular shapes, characteristic of Zebu, particularly Nellore, depending on the scrotal usually small when compared with animals in Europe, has concerned farmers to selecting their breeding. This fact is largely due to the criteria used in selecting by the scrotal circumference size, in which males with long balls can be eliminated by presenting perimeters smaller than their contemporary oval testis (Silva, 2009) .
The concept referring to the long testicles aroused the interest in research (Bailey et al., 1996 , Bailey et al., 1998 to AC -andrological characteristic; SC -scrotal circumference in centimeters; TV -testicular volume in cm 3 ; PM -progressive motility; SV -sperm vigor; MID -minor defects in %; MAD -major defects in %; TD -total defects in %; (A±SD): overall average ± standard deviation. a, b, c -Values followed by same lowercase letters in the same row do not differ. verify if the long shape really affects the reproductive potential of males. The authors showed that semen from the long testicles had higher sperm concentration/mL than ovoid testicles, although the latter presented larger perimeters. These studies concluded that only the scrotal perimeter is not sufficient to predict sperm production, which is linked to other factors, such as testicular volume, and the shape of testicles. Although there were changes in scrotal circumference and testicular volume (P<0.05) between testis shapes, there was no difference for progressive motility, sperm vigor, major defects and total defects in animals with a mean age of 21.29 months ( Table 3 ), indicating that the testicular conformation did not interfere with physical or morphological characteristics of semen. Thus, the scrotal circumference can be used as an appropriate measure in the prediction of testicular size in Nellore animals, even with the higher frequency of animals with long balls. Dias et al. (2007) obtained similar results in Nellore cattle at two and three years old.
Additionally, it was found that 67.34 and 66.92, 64.34, 58.33 and 50.00% of the animals were classified as suitable for reproduction for fairly long, oval-long, spherical-oval and spherical testicular shapes, respectively (Table 4) . These results indicate that the testicular shape did not interfere in the adoption of animals at the time of andrological examination in bulls with an average age of 21.29 months. It is worth noting that the lower percentage recorded for the animals of oval shape is due to the small number of bulls (two) in this category in all years studied. Corroborating this, Dias et al. (2007) also found that the classification of animals at the andrological examination was not affected by testicular conformation.
Pearson correlations reported in this study between testicular volume with scrotal circumference and testicular volume of 0.26 and 0.08 (P<0.05), respectively, were low but significant. Silveira et al. (2010) and Silva (2009) reported values of 0.11 and -0.09, and 0.19 and not significant value, respectively, for correlations between testicular shape with scrotal circumference and testicular volume. Dias et al. (2007) reported no significant values for correlations between testicular shape and scrotal circumference. However, Viu et al. (2006) reported higher values (0.32 and 0.43 between testicular shape with scrotal circumference and testicular volume, respectively), showing that selection for increased scrotal circumference would respond positively correlated to the testicular shape, indicating the possibility of indirect gains for spherical testicular shapes. Conflicting values are normal because it is a categorical variable with few classes, providing high ranges of values for scrotal circumference and testicular volume so that mean values for each class of testicular shape did not differ, except when there was not a normal distribution.
Correlations between testicular shape with progressive motility, sperm vigor, major, minor and total defects with values of 0.00, 0.11, -0.02, -0.01 and 0.02, respectively, were also low or zero, demonstrating that no party should be neglected in andrological examinations. Similar results were obtained by Viu et al. (2006) with values of -0.06, 0.08, -0.27, -0.13 and -0.26 for testicular shape with progressive motility, sperm vigor, major defects, minor defects and total defects, respectively.
Conclusions
The prevailing testicular shape in Nellore animals with a mean age of 21.29 months was the fairly long. Correlations between testicular shape with testicular, physical and morphological characteristics of semen were low. The selection by scrotal circumference is an appropriate measure in the prediction of testicular size in Nellore animals even with the higher frequency of animals with long balls, indicating with certainty the reproductive potential of the animals, since the shape of the testicles does not affect the sperm quality of bulls. 
